The HIV-1 Rev protein: a model system for coupled RNA transport and translation.
The impact of the Rev protein of the human immunodeficiency virus type 1 (HIV-1) on RNA transport, intranuclear RNA distribution, and gene expression was examined for two Rev-dependent expression systems by means of fluorescence in situ hybridization, immunofluorescence, S1 nuclease protection, and functional assays. In the pgTat expression system, which utilizes authentic HIV-1 splice signals, unspliced mRNA remained entrapped in the nucleus in the absence of Rev and was exported to the cytoplasm in its presence, consistent with published findings. In the pSVAR expression system, significant levels of mRNA were found in the nucleus and cytoplasm in both the presence and absence of Rev, but only in the presence of Rev was mRNA translated into protein. The presence of cytoplasmic untranslated mRNA in the absence of Rev was demonstrated by in situ hybridization analysis of individual cells as well as by S1 nuclease analysis of cell populations. The results indicate that Rev has the potential to affect translation as well as transport, suggesting the possibility that cellular mechanisms exist whereby the translational efficiency of an mRNA may be affected by the manner in which it is transported from the nucleus. Fluorescence hybridization also provided high-resolution visualization of the intranuclear distribution of RNAs containing the Rev response element. This demonstrated for both expression systems that mRNA was not highly localized in tracks or around the nucleolus in the presence or absence of Rev, a nucleolar protein, but was more widely distributed throughout the nucleus. In pgTat transfectants, HIV-1 RNA often became localized in 5 to 20 discrete large intranuclear clusters in the presence of Rev, the potential significance of which is discussed.